ABSTRACT
INTRODUCTION
The cells respiration, the mitochondrial oxidative stress and lipid peroxidation are considered free radicals sources and may cause in cell damage. The oxygen reactive species are formed in vivo and are powerful oxidant agents that can damage the DNA and other biomolecules Halliwell, 2007) . The most recent studies show that oxidative stress plays an important role in several clinical conditions such as cancer, neoplasms, diabetes, atherosclerosis, neurodegenerative diseases, chronic inflammation and damage caused by ischemia Lin and Beal, 2006) . Polyunsaturated fatty acids (PUFAs) that are usually present in the cells membranes, are easily oxidized by the free radicals, leading to lipid peroxidation. This could modify the permeability of the cells, which could cause cellular death and/or the oxidation of lipoproteins (Garcez et al., 2004) . The oxidation of lipoproteins causes changes in the lipid and protein structures, leading to lipid peroxidation. Amongst the products formed, the reactive oxygen species, cause oxidative damage (Sohal, 2002; Abdalla and Sena, 2009) . Oxidative damage caused to proteins could promote alterations in their physicochemical properties, and thus, affect the receptors function, enzymes, antibodies, transport proteins, alterations in the DNA, among others (Crabtree, 2003; Halliwell, 2007) . Among the final products of lipid peroxidation, there are low molecular weight compounds such as hydrocarbons (ethane and pentane) and aldehydes, such as malondialdehyde (MDA), which can damage the proteins, DNA, RNA and other biomolecules (Esterbauer and Cheeseman, 1990) . The test of thiobarbituric acid (TBA) is a method largely used to measure the peroxidation of fatty acids and of cell membranes. MDA is a threecarbon dialdehyde, which reacts with 2-thiobarbituric acid producing a compound which presents red color, measured in spectrophotometer with wavelengths between 500 and 550 nm (Osawa, 2005) . The loss of sulfhydryl groups is one of the main oxidative damages in peptide chains. The method for the determination of the thiol groups is widely used to measure the formation of disulfide bridges in the proteins and it is quantified through the value of sulfhydryl groups (Griffith, 1999; Dickinson and Forman, 2002a; Dickinson and Forman, 2002b) . The monosodium glutamate is a substance commonly used in the food industry to enhance the food flavor. However, this substance is neurotoxic and the excess of monosodium glutamate in the brain allows high affluence of calcium inside the neuronal cell, providing the formation of free radicals (FR) with cell death (Natali, 2001; Cesaretti, 2006) . The oxidative stress damage is minimized by the antioxidant defense system and can be classified as natural or synthetic (Jones, 2008; Halliwel, 2007) . Nowadays, there is a growing interest in the natural antioxidants due to their low toxicity. There is growing concern on the use of the synthetic antioxidants due to the harmful effects caused by their high doses, low solubility and toxic effects (Duran, 1993; Galvão, 2008) . The use of natural antioxidants and dietary supplements have been the object of many studies, with several reports that the phenolic compounds not only increase the food shelf-life, but also act as antioxidants in many biological systems (Milié et al., 1998; Estrada et al., 2001; Colla, 2008; Bertolin, 2009) . Spirulina (Arthrospira) has been studied extensively not only due to its potential as protein source, but also due to its therapeutic potential in several areas, including the ability to prevent and inhibit the cancer, reduce the blood cholesterol, stimulate the immunological system, reduce the renal toxicity of pharmaceutical products and toxic metals, promote protection against the damage generated by radiation and the damage caused by oxidative stress (Belay, 2002; Bertolin, 2009) 
platensis is a filamentous photoautotrophic cyanobacteria mainly used as a dietary supplement (Henrikson, 1994) due to its high protein content (55 -70%), sugar (12 -25%), essential fatty acids (18%), vitamins and minerals (Sanchez et al., 2003) . Spirulina is legally authorized as a dietary supplement in Europe, Japan and United States by FDA (Food and Drug Administration), as it does not cause any toxic effects on the organism (Belay et al., 1993; Von Der Weid et al., 2000) . In Brazil, ANVISA (National Agency of Sanitary Vigilance) allows its commercialization as long as the final product where the microorganism is be added is properly registered (Brasil, 2008) . Spirulina contains carotenoid, especially betacarotene and zeaxanthin, besides the phycocyanin (Estrada et al., 2001 ) and phenolic compounds (Colla et al., 2008) , which are known for their antioxidant activity. The phycocyanin and allophycocyanin are the pigments that can be found in thylakoids of cyanobacteria, such as S. platensis, and are studied due to their ability to react with reactive substances generated during the oxidative process (Estrada, 2001) . The objective of this work was to study the antioxidant effect of phycocyanin on oxidative stress induced by monosodium glutamate in the rats.
MATERIAL AND METHODS
A total of 32 male sub-adults rats (Wistar breed) were used, with a life period of 50 days, (Rattus norvegicus albinos, Wistar). The rats were distributed in four experimental groups. Each group was composed by eight animals, where four of them were used in the experiment of dosage of the malonaldehyde by the thiobarbituric acid (TBA) content and four for the determination of sulfhydryl groups. The animals were submitted to the treatments over a period of eight days. The treatments consisted of the administration of a phycocyanin solution by gavage, as attenuator of oxidative stress, and solution of monosodium glutamate, intraperitoneal, as a promoter of oxidative stress (Farombi and Onyema, 2006) . The administered dose of phycocyanin was calculated with a reference to the daily intake of S. platensis nominated for a man with an average weight of about 60 kg was 5 g/d. This suggested that for an animal of about 300 g, the optimal dosage would be 0.025 g/d of Spirulina. According to Estrada et al. (2001) , the amount of phycocyanin in S. platensis was approximately 20% dry weight. Thus, it was 5 mg/d dosage of phycocyanin for each rat. The biomass of Spirulina platensis was obtained from the Laboratory of Biochemical Engineering of the Food Engineering Course, FURG -RS. The phycocyanin was extracted with water at 4 °C. The suspensions were submitted to the cycles of freezing and defrosting, followed by centrifugation to separate the biomass. The supernatant was used for the quantification of phycocyanin by reading in the spectrophotometer at 640 nm and comparing it to a standard curve previously prepared. The dose of monosodium glutamate was given to the rats, intraperitoneally, at a concentration of 4 mg/body g, using references from Diniz et al (2004) . The four experimental groups were divided into control group (G 1 ), phycocyanin group (G 2 ), glutamate group (G 3 ) and phycocyanin + glutamate group (G 4 ). During the eight days period of treatment, the groups G 2 and G 4 , received phycocyanin by gavage. The groups G 1 and G 3 received saline solution, also by gavage, to follow a pattern for all the procedures conducted with the animals under the treatment. The animals of the groups G 3 and G 4 at the eighth day of treatment were administered monosodium glutamate and saline solution intraperitoneally. To promote the same conditions and interferences, the groups G 1 and G 2 received saline solution intraperitonially. One hour after the application of monosodium glutamate and the saline solution, the animals were decapitated using a guillotine and the hippocampus was removed to test the lipid peroxidation, through the method of reactive substances thiobarbituric acid TBA, described by Esterbauer and Cheeseman (1990) . The concentration of total sulfhydryl groups was determined according to Aksenov and Markesbery (2001) . The protein concentration was measured by Lowry method (1951), using bovine serum albumin as standard.
RESULTS AND DISCUSSION
The results of the malonaldehyde through the method of thiobarbituric acid (TBA), expressed as nmol of malondialdehyde per mg protein (nmol MDA/mg protein) are presented in Table 1 . Farombi and Onyema (2006) , who found that the monosodium glutamate when was administered intraperitoneally at 4 mg/g of body weight dose, increased the formation of malondialdehyde (MDA) in the rat's liver and brain. Farombi and Onyema (2006) showed significant reduction of the TBA levels of the rats treated with monosodium glutamate, with simultaneous administration of vitamin C, vitamin E and queracetin. Rimbau et al. (1999) reported the antioxidant potential of the protein Cphycocyanin extracted from S. platensis and showed that the metabolites of this protein had the ability to cross the blood-brain barrier, thereby conferring a protective effect of oxidative stress on the hippocampus of the rats. Table 2 presents the results on the effect of shulfhydryl groups for the animals submitted to different treatments. According to the variance analysis of these results, the treatments presented significant difference (p < 0.05). Table 2 showed that the highest value found for the concentration of sulfhydryl groups was for the monoglutamate group (G 3 ), which presented a response of 44.68 (±7.06) µmol/g protein, a value statistically different from the other treatments (G 1 , G 2 and G 4 ). The control group (G 1 ), phycocyanin (G 2 ) and phycocyanin + monoglutamate (G 4 ) were statistically equal (p < 0.05) for the levels of sulfhydryl, and the lowest level was obtained for the phycocyanin group (G 2 ), which presented 3.91 (±1.31) µmol/g protein, demonstrating again the antioxidant potential of this substance. There are several report on clinical studies in which the reactive oxygen species (ROS) or oxygen free radicals (OFR) has been acknowledged as pathophysiological elements, highlighting among them the ischemiareperfusion syndromes such as myocardial infarction, intestinal ischemia, necrotizing enterocolitis, cerebral ischemia (Willet, 1995) . The involvement of ROS as one of the mechanisms involved in the injury and cell death, mainly when it comes to injury due to ischemia of tissues and organs has been shown by different authors (McCord, 1985; Hansson et.al., 1982; Cross, 1987) . The reactive oxygen species, due to its oxidative priorities can act directly on lipid components of cell membranes tending to generate chain reactions to produce the free radicals, resulting in an amplification of the process which ends with a destructive effect on the cell. This phenomenon can also be processed indirectly through the peroxidative lipid radicals and other products of the lipid fragmentation which, alone are oxidant agents (Bulkey, 1983) . Cysteines, the sulfhydryl (SH)-containing amino acid residues in proteins, are susceptible targets for a variety of pro-oxidants. Mammalian cells from different tissues, including the brain, posses a system that regulates the redox status of cellular thiols and protects SH-containing proteins from excessive oxidation. It includes low molecular weight donors of SH groups, enzymes and antioxidants, which catalyze the reduction of SH groups in proteins and detoxify the pro-oxidants by conjugation with glutathione. In this way, the antioxidant system plays a central role in thiol status in the brain, helping in the protection against oxidant agents (Aksenov and Markesbery, 2001) . Interestingly, there is no report on the work as described above. However, similar results for the antioxidant defense system to oxidative damage were found. Aksenov and Markesbery (2001) studied the increased level of oxidative modifications in proteins, lipids, and nucleic acids in the brain of patients with Alzheimer's disease, and they found that the total thiol content was increased by ~ 20% in the patients with Alzheimer in the cerebellum, indicating that the oxidative agents promoted the damage irreversible in the brain. Other investigators have suggested that the synthesis of SH-containing could be increased as a response to oxidative stress in the brain causing disease, and the antioxidant agents could acted preventing this situation (Palmer, 1999) . Corwin and Schwarz (1963) studied the properties of α-tocopherol in the presence of reactive free radicals and found that a tocopherol defense mechanism was involved in the protection of essential sulfhydryl groups since the oxidation of tocopherol in the systems containing sulfhydryl groups protected the cells of oxidative damage. The administration of monosodium glutamate promoted an elevation on the TBA and sulfhydryl groups, which proved they acted as an oxidative stress promoter. However, the damage caused was minimized by the action of the phycocyanin pigment, showing its capacity to acting as an antioxidant substance. Thus, it was possible to inhibit the beginning of the oxidative process promoted by a number of precursors and, consequently the production of free radicals, preventing thus several clinical complications generated by these processes. The results showed that the antioxidant potential of the phycocyanin present in cyanobacterium S. platensis and also indicated that the amount administered to the rats (5mg/d) was sufficient to reduce the oxidative damage caused by monosodium glutamate in vivo. The results were confirmed by the TBA values, which decreased from 1.80 ± 0.09 (G 3 = monoglutamate) to 0.64 ± 0.22 nmol MDA/mg protein (G 2 = phycocyanin) and by the levels of sulfhydryl, decreasing from 44.68 ± 7.06 (G 3 ) to 3.61 ± 1.31 µmol/g protein (G 2 ). The decrease in the TBA values and the levels of sulfhydryl in the G 2 group (phycocyanin) compared to the control group showed that the t phycocyanin could be administered not only to reduce, but also to prevent the oxidative damage through the possibility of incorporation of this substance as a dietary supplement.
NOTE
For the experiments, the research project was first submitted to and approved by the Ethics Committee at University of Passo Fundo.
